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(57) Abstract: A software defined radio (SDR) is based on flexible soft- 
ware architecture. This allows the radio equipment (e.g., user terminal, 
base stations etc.) to be re-configured by downloading and implement- 
ing appropriate software. In other words, the radio equipment is software 
redefinable. As a result, an SDR can operate several different wireless 
communications standards, and also modify its behaviour whilst remain- 
ing in a given standard. The present invention provides an operator entity, 
to allow the user to reconfigure the equipment as he desires, as and when 
required. A management module is also provided within software defined 
radio equipment, to operate the configuration of the equipment, according 
to network, operator and equipment requests and constraints. 
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MANAGEMENT MODULE FOR SOFTWARE DEFINED RADIO 

A software defined radio (SDR) equipment is any type of equipment 
containing a software defined radio. An example of such equipment is a 
5 software defined radio terminal, which is typically a portable device which 
can be programmed to perform any of a variety of functions. Some of 
these may be conventional "communications" functions such as mobile 
telephone or internet access whereas others may be less obviously 
communications related, such as a portable games device/console. This 

10 latter may, for example, be configurable by loading games software or 
updates over the air. 

SDR is based on flexible software architecture. This allows the radio 
equipment (e.g., user terminal, base stations etc.) to be re-configured by 
downloading and implementing appropriate software. In other words, the 

15 radio equipment is software re-definable. As a result, a SDR can operate 
several different wireless communications standards, and also modify its 
behaviour whilst remaining in a given standard. 

Existing software defined radios are configured according to the 
requirements of the network, and of the equipment itself. For example, the 

20 network may configure the equipment according to the capacity metrics of " 
the network, or the air interface characteristics, available bandwidth or 
available radio spectrum. Typical air interfaces that could be used in such 
applications include: WAN such as GSM, DECT, UMTS; BEEE802.11a/b; 
and HIPERLAN/2. The equipment may itself impose certain restrictions 

25 on the available configurations, for example, according to its own 
capabilities, such as its power profile, processing power and memory 
capacity. Software defined radio equipment may take one of many 
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different formats, for exampie, may be hand-held, pabn-top, lap-top or 
desk-top. Each of these W ill have its own characteristics whtcb wul 
influence the configuration applied to it 

Software defined radio equipment is often set up to include mobile 
aphony function. Either the eoniptnent or me mobfie telephone tase 

Jon, or bom of mem, may be ., suitaUe configured software defined 

Zo However.softw.ed.finedramoe.mpmentisnotnmttedti.sucb 

Software defined radio equipment may be described with reference 
to . sev en layer OSI (Open Systems mterconnections) model, or protocol 
s^asmnsrtatedinHg.3. Remodel specifies agreement at a van^ 

; Each layer defines one specific aspect of communication and uses the 
. .rvicesofmelayerbeneamit. Bach iayer must know what servtces are 

provided by the layer bencnm it, through an interface. In Ftg 3. the 
physicallayerlO^yerHdefmestheprotocoimvolvedmthe 

0 n (Layer 2) defines the protocol involved in the detection and correchon 
ellmaUtsequence^enetworUayerH^yer^defmesme 

L source to its destination. The transport layer 16 (Layer 4) define me 

25 defivery of the messages. The session iayer 18 (Layer 5) defines the 
promcolmvolvedm providing dialogue confcol uA synch— on 
Unties. The presentation layer 20 (Layer 6) defines me protoco, mvolved 
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in structuring information and attaching semantics. The application layer 
22 (Layer 7) provides miscellaneous protocols for common activities. 

At present, no operator configuration is possible, beyond selection 
of the application. Once the application is selected, the network and 
5 equipment determine the configuration of the equipment, depending on a 
previously determined operator profile, such as the quality of service to be 
provided, the type of service available, and the tariff to be charged. These 
things are all determined by the operator's relationship with his service 
provider. 

10 According to an aspect of the present invention, an operator entity is 

provided, to allow the user to reconfigure the equipment as he desires, as 
and when required. 

According to another aspect of the present invention, a management 
module is provided within the software defined radio equipment, to operate 

15 the configuration of the equipment, according to network, operator and 
equipment requests and constraints. 

Accordingly, the present invention provides a management module 
for an equipment containing software defined radio system. The 
management module comprises: an equipment interface for 

20 communicating with the equipment; a network interface for communicating 
with a network, which may for example be a network within the 
equipment; or a network of which the equipment forms a part; an operator 
interface for communicating with an operator such as a human user, or a 
programmable machine; and a stored set of command and control 

25 algorithms, responsive to received requests for reconfiguration by issuing 
reconfiguration commands over at least one of the equipment interface, the 
network interface and the operator interface. 
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The stored set of command and control algorithms may be arranged 
to be responsive to reconfiguration requests received over the respective 
interface from any of the equipment, the network and the operator. 

The stored set of command and control algorithms may be arranged 
5 to be responsive to reconfiguration requests originating within the 
management module. 

In response to a received reconfiguration request, the management 
module may issue reconfiguration commands over the associated interfaces 
to at least one of the equipment, the network and the operator. . 
10 In response to a received reconfiguration request, the management 

module may verify capabilities of at least one of: the network; the operator; 
and the equipment prior to issuing any reconfiguration commands. 

The present invention also provides a software defined radio terminal 
comprising a management module as described. 
1 5 The present invention also provides an operator comprising a 

management module as described. 

The present invention also provides a network infrastructure 
comprising a management module as described. 

The present invention also provides a software defined radioterminal, 
20 comprising at least one management module as described. The present 
invention also provides a system comprising at least one management 
module as described in association with at least one of: an equipment; an 
operator; and a network. 

The above, and further, objects, characteristics and advantages of the 
25 present invention will become more apparent with reference to the 

following description of certain embodiments of the invention, given by 
way of example only, in conjunction with the accompanying drawings, 
wherein: 
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Fig. 1 shows a schematic diagram of a management module of the 
present invention; 

Fig. 2 shows a communications system according to the present 
invention, incorporating a network, an operator and SDR equipment, 
5 including management modules of the present invention; and 

Fig. 3 shows a conceptual diagram of the various layers included in a 
communications protocol. 

According to an aspect of the present invention, there is provided a 
Management Module (MM), which is effectively an intelligent 
10 management entity of the SDR equipment. It defines the functionality, 
behaviour, and state of the re-configurable system. It is administers re- 
configuration, including all the associated network and radio signalling and 
control mechanisms. In addition, it provides formal procedures for 
handling and implementing command and control signals from the operator 
15 (equipment user), the network, and the equipment itself. 

The SDR equipment which houses the MM may be a user 
equipment, part of the network infrastructure, or an autonomous device 
which may not be connected to any communications network. 

According to an aspect of the present invention, a user entity is 
20 provided, to allow the user to reconfigure the equipment as he desires, as 
and when required. This will allow the user to adapt the quality of service 
he receives according to his current quality of service requirements. This 
may allow the user to select between service providers as a function of 
tariff, coverage, availability and quality of service, in line with the user's 
25 current required use of the equipment. 

According to another aspect of the present invention, each 
equipment, and the network, may each be provided with a management 
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entity, or management module (MM) which is responsive to configuration 

A management entity is proposed for a SDR. Erg. 
^amofa.embodimentofmeManagemeut module accordrng tome 

5 ^^howsamanagementmc.u.eMM.SO.mchisnn.edtoan 
. « hv an eauipment interface 38. Both the management 

o T ^throughanetworkinterfac^. In addition, and accordrng «o 
/ «\ ah throueh an operator (user) interlace 
vario L interfaces, and provide the necessary command and control 

L SDR equipment may be man or machine. In other words. the SDR 

20 the network infrastructure (r.e„ operated Dym 

be Mnby another -rt-* odule 20 ernes with 

25 through the operator mterf ace 42. It commum 

command and control ^ ^ 

Communication with the SDR operas 

-etc and acknowledgements, user profiles, 
control, re-configuration requests and acknow g 
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application and quality of service control, and power management such as 

user interrupt and signalling functions. 

Communication with the SDR equipment 36 may include power 

management, re-configuration negotiations and administration, equipment 
5 mode control, software download control, equipment application control, 

run-time control signalling, equipment class (capability list) and equipment 

resources (RF, input/output, hardware). 

Communication with the network 32 may include higher layer 

signalling, network negotiations, power management, re-configuration 
10 management and administration, run-time control signalling, mode control 

and software download. The network may be either wired or wireless. 
While all of the entities operator 40, network 32 and equipment 36 

may request reconfiguration, a three-way trade-off has to be calculated in 

order to offer the optimum service to the particular user, without 
15 excessively disadvantaging other users of the network. For example, the 

operator 40 may request increased quality, for which he is prepared to pay 

a higher tariff, but which will require a greater bandwidth to be assigned to 

that user. This request must be balanced against the network's requirement 

to keep sufficient bandwidth available for other users. On the other hand, 
20 the network 32 may request a reduction in allocated bandwidth, leading to a 

reduction in quality of service due to an overall shortage of bandwidth. 

This needs to be balanced against the user's requirements and possible 

dissatisfaction from a perceived drop in quality of service. The equipment 

36 itself may request reconfiguration such as a reduction in transmit power 
25 due to a detected low battery charge state. This needs to be balanced 

against the user's conflicting requirements for long battery life and high 

quality communication. 
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The Equipment Interface 38 defines formal procedures for signalling 
and control of the SDR equipment 36. The equipment 36 may be defined 
purely in hardware, or software, or a combination of both. 

The Network Interface, 34 is provided, for use of the SDR equipment 
5 as part of a network (e.g., user equipment, or base station). It defines 

formal procedures for signalling and control between the equipment 36 and 
the network 32. 

The Control Algorithms 44 are a set of algorithms, which in 
combination perform the logical decision making, signalling, monitoring, 
10 and control of the SDR equipment 36 in compliance with the network 32 (if 
any), the user 40 (man or machine) and the equipment itself. 

The management entity 30 is the overall authority of the SDR 
equipment. It is responsible for run-time behaviour and performance, and 
for administering and managing any requested re-configuration. Re- 
15 configuration may occur at any level of the protocol stack (Fig.3), with or 
without knowledge of the user 40 and/or network 32. 

In preferred embodiments of the invention, the management entity 
MM, 30 may also initiate re-configuration itself. For example, the MM 
may decide, based on the channel state condition, that there is sufficient 
20 scope to relax the FEC (forward equivalence class) encoder/decoder 

strength. Then, it may request that the FEC encoder/decoder of the SDR 
equipment 36 be re-configured. However, such re-configurations. will need 
network 32 approval, to ensure that the network has sufficient available 
capabilities to service the proposed reconfiguration. Correspondingly, the 
25 available capabilities of the operator and the equipment may also need to 
be checked, to ensure that the proposed reconfiguration will be correctly 
serviced. 
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The management entity (MM) will also be responsible for managing 
the equipment's resources, including: Processing power and Memory 
Power, and the User Interface. 

It will co-ordinate and monitor the applications 22 that are running 
5 on the equipment 36, and carry out negotiations between the equipment 36 
and the network 32. 

Such negotiations may include any of the following functions. 
Various signalling operations are performed between the equipment 

10 and the network, to define operating parameters and quality of service, as 
required. Network approval is sought for certain types of re-configurations. 
For example, if parts of the baseband sub-system of the equipment 36 are 
to be modified, then it is mandatory that network approval be obtained 
before such re-configuration is completed : otherwise, the equipment may 

15 not comply with the host network. For this reason, the available network 
capabilities must be checked before reconfiguration is undertaken. 

Communications relating to cross network handover, and signalling 
associated with that, are performed. For example, an SDR equipment may 
decide to switch transmissions from its current network to another one, in 

20 which case, the MM has to initiate and maintain signalling with both 
networks until it decides to fully transfer over to the new network. 

The MM will maintain the equipment's capability list. The 
information included in such a list may include: hardware details, RF 
details, user interface details, manufacturer specific details, equipment class 

25 characteristics, and software details. Hardware details may include 

processor details (e.g., fixed/floating point, manufacturer details, speed), 
controller details, bus architecture, memory size and type. RF details may 
include filter banks and bandwidths, ADC/DAC converter resolution. 
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„ interface details may include video screen resohttion keypad, 
^h — and omermmti-mediafeatnres. Equipment class 
ILeristicsmay speedy, for example, mat me cement umy be p^ 
TZ* cell phone type, transportable equipment, fixed equrpment, 

r 1 oLs Software details may include manufacmrer, versron, 
5 basesmt.onoromem.SofJ ve ^ on)tMnfi ^„ n da,aof 

inst aUed software packages <^ ™" 
installed software packages, operatmg system, mi 

nrotocols, and a security package. 

' T.emanagementendtymuata^operiormrun-nmemomtormgo, 
10 the equipment's behaviour, in terms of power consumption, opemtor 
satisfaction (user profile) and network eomptiance 

AS illustrated in Fig. 2, a management module 130 may be prov 

ta Ji.—-*-*'--* i, * ,, - , ^:trr 

lioterminals 140 incorporadng a mobUe telephony funcnon. A 
15 ^agementmoduleaSOmaybepxovideriineachofanumberofmobd 

" Zonebaaesmdonsmft^pariofanetworkh^^ 
JLtelephonynetwork A further management modu^O may be 
oro vided within amobile switching centre 340, fonmng a further pomono 

Structure of a mobile telephony network. Each of the management 
an infrastructure 01 * 

associated equipment. 

Tbe terminals 140 each communicate widr an operator 142 and a 

25 base station 240. In dtis case, the operator is a mobile telephone 
iX-Inotirerexamplea^opemtormaybeamacbrtte^ 

The base stations 240 each communicate wth a networ 
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the mobile switching centre 340. All of the devices 140, 240, 340 
communicate over associated interfaces, exchanging control and signal data 
in order to offer a mobile telephony service. Each equipment can influence 
the operation of others. For example, the mobile switching centre may 
5 instruct each base station, while base stations may transmit and receive 
instructions to/from terminals 142. Each management module 130; 230; 
330 receives signals originating within its associated equipment 140, 240, 
340 to control a reconfiguration of the associated equipment. The 
reconfiguration will be managed according to control signals received from 

10 other equipment, but management modules 130, 230, 330 are not in direct 
mutual communication. They exert influence over each other only by 
reconfiguring their own equipment which may request reconfiguration of 
other pieces of equipment within the network. 

While the present application has been described and defined in 

15 general terms, specific embodiments of the various functions defined and 
claimed will be apparent to those skilled in the art. 
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CLAIMS 

1. A management module (30) for an equipment containing a 
software defined radio, comprising: 

- an equipment interface (38) for communicating with the equipment 

5 (36); 

- a network interface (34) for communicating with a network (32); 

- an operator interface (42) for conrniunicating with an operator (40); 

and 

- a stored set of command and control algorithms (44), responsive to 
10 received requests for reconfiguration by issuing reconfiguration commands 

over at least one of the equipment interface, the network interface and the 
operator interface. 

2. A management module according to claim 1 , wherein the 
stored set of command and control algorithms are arranged to be responsive 

15 to reconfiguration requests received over the respective interface from any 
of the equipment (36), the network (32) and the operator (40). 

3. A management module according to claim 1 or claim 2, 
wherein the stored set of command and control algorithms are arranged to 
be responsive to reconfiguration requests originating within the 

20 management module. 

4. A management module according to any of claims 2-3 
wherein, in response to a received reconfiguration request, the management 
module issues reconfiguration commands over the associated interfaces to 
at least one of the equipment (36), the network (32) and the operator (40). 

25 5. A management module according to claim 4 wherein, in 

response to a received reconfiguration request, the management module 
verifies capabilities of the network (32) prior to issuing any reconfiguration 
commands. 
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6. A management module according to claim 4 or claim 5 
wherein, in response to a received reconfiguration request, the management 
module verifies capabilities of the equipment (36) prior to issuing any 
reconfiguration commands. 

7. A management module according to any of claims 4-6 
wherein, in response to a received reconfiguration request, the management 
module verifies capabilities of the operator (40) prior to issuing any 
reconfiguration commands. 

8. A software defined radio terminal comprising a management 
module according to any preceding claim. 

9. An operator comprising a management module according to 
any of claims 1-5. 

10. A network infrastructure comprising a management module 
according to any of claims 1-5. 

11. A system, comprising at least one management module 
according to any of claims 1-5 in association with each of an equipment, an 
operator and a network infrastructure. 

12. A management module or system substantially as described 
and/or as illustrated in Fig. 1 or Fig. 2 of the accompanying drawings. 



WO 01/90891 



PCT/GB01/02378 




SUBSTITUTE SHEET (RULE 26) 



WO 01/90891 



PCT/GB01/02378 



2/2 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



["^ iional Application No 

K I /SB 01/02378 



P.A 



line 5 
line 27 
line 13 



US 5 999 990 A (CAMPINI EDOARDO ET AL) 
7 December 1999 (1999-12-07) 
column 1, line 54 -column 2, 
column 3, line 51 -column 4, 
column 4, line 48 -co umn 6, 
column 7, Une 14 - Une 67 
W0 01 02954 A (KONINKL~PHILIPS ELECTRONICS 
NV) 11 January 2001 (2001-01-11) 
page 4, line 1 -pa fl e_8, Une 17 

-/~ 



1-12 



c. 



J7] Furtherdocumenlsarellstedl^the continuation* box 
Special categories of cited documents": 

■O- document referring to an oral dtedoaun,, uao, oxWMlono, 
'Dale of the actual completion of the InternaUonal search 



tog address of the ibA 
European Patent Office, P.B. 5818 Patenttaan 2 

MW3»0,Tx.3l65iepon), 
Fax (+31-70) 340-3016 



Form PCT/ISA/210 («oond V** 35" 



ID 



Patent family members are listed In annex. 



-•SSSSBSSBE3SS 

in the art. » .f« m ;w 

docum ent member of the same patent famiV 

Date ol mailing of the International search repon 

27/09/2001 



Lopez-Perez, M-C 



page* 1" oi*'2"-' 



INTERNATIONAL SEARCH REPORT | ; - „ - 1 

1 atlonal Application No 

rci/GB 01/02378 


C(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category" 


Citation o! document with IndlcaUon.where appropriate, of the relevant passages 


Relevant to claim No. 


A 


MITOLA J: "TECHNICAL CHALLENGES IN THE 

GLOBALIZATION OF SOFTWARE RADIO" 

IEEE COMMUNICATIONS MAGAZINE, IEEE SERVICE 

CENTER. PI SCAT AWAY, N.0, US, 

vol. 37, no. 2, February 1999 (1999-02), 

pages 84-89, XP000804508 

ISSN: 0163-6804 

page 84, right-hand column, line 23 -page 
86, left-hand column, line 29 


1-12 



Fonn PCT71SA/210 (continuation ol second sheet) (Jury 1892) 



page «2 of -2- — 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



X 



tional Application No 

ci/GB 01/02378 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


US 5999990 


A 


07-12-1999 


AU 


4191399 A 


06-12-1999 








EP 


1080541 Al 


07-03-2001 








WO 


9960715 Al 


25-11-1999 



W0 0102954 A 11-01-2001 W0 0102954 Al 11-01-2001 

EP 1105796 Al 13-06-2001 



Fcim PCT/lSA/210 (potent family ama») (Jul/ IMS) 



